The objective of the study was aimed to investigate the anti-diabetic activity of Trichodesma indicum (L.) in both in vitro amylase assay and in vivo streptozotocin-nicotinamide induced type 2 diabetic rats. T. indicum leaves were extracted with four solvents Hexane, acetone, methanol and aqueous. They were tested for in vitro α amylase inhibitory activity and glucose uptake by yeast cells. The effect of four extracts at 200mg/kg and 400mg/kg is studied in normal and streptozotocin (STZ) -Nicotinamide induced type 2 diabetic rats. The results showed that methanolic leaf extract has moderate α -amylase inhibitory activity (IC50 value = 91.3 µg/ml) when compared to acarbose. Glucose uptake assay of four extracts showed significant activity. Methanolic extract showed effective inhibition (IC50 value = 46.72 µg/ml) of glucose uptake along with standard. The anti-diabetic activity of four extracts prominently reduces blood glucose levels in STZ-nicotinamide induced diabetic rats. Methanol extract has shown estimable decrease of blood glucose level (P<0.01) along with glibenclamide. These findings suggest that anti-diabetic property of Trichodesma indicum (L.) methanol extract in type 2 diabetes mellitus is potential.
INTRODUCTION
In Ancient times people always depend upon plants for health, food and shelter. The relationship between plants and animals helped to heal diseases in olden days 1 . The world health organization relies on traditional medicine up to 80% for primary health care 2 . 25% of Modern medicines have been derived from medicinal plants 3 . According to world health organization 20,000 plant taxa were included for medicinal uses. In the folk medicine 70,000 plants were included for medicinal purpose, in that majority are found in the Asia-Pacific region 4 . Pharmaceutical industry depends on plants oil for ecofriendly and good source of drugs in the herbal remedies, flavonoids, perfumes and cosmetics [5] [6] [7] .
Modern medicine gives faster relief than traditional medicine so people are attracted towards synthetic medicine but herbal medicine is cost effective, has fewer side effects and is more bioavailable 8 .
Diabetes is the inability of the body to utilize glucose, due to the pancreas failure to secrete sufficient insulin 9 . Diabetes mellitus, one of the most common endocrine metabolic disorder has caused significant morbidity and mortality due to micro vascular (retinopathy, neuropathy, and nephropathy) and macro vascular (heart attack, stroke and peripheral vascular disease) complications. In Type I diabetes body fails to produce insulin (insulin-dependent diabetes mellitus, IDDM). Type II diabetes is a condition in which cells fail to use insulin properly, it also combines with an absolute insulin deficiency (non-insulin dependent diabetes mellitus, NIDDM, adult onset diabetes). Gestational diabetes is found in pregnant women or non-diabetic woman; they have a high blood glucose level during pregnancy 9 .
According to World Health Organization the diabetic population is likely to increase up to 300 million or more by the year 2025. Recently, some medicinal plants have been reported to be useful in diabetes worldwide and have been used empirically in antidiabetic and anti-hyper lipidemic remedies. Anti-hyper glycemic activity of the plants is mainly due to their ability to restore the function of pancreatic tissues by causing an increase in insulin output or inhibit the intestinal absorption of glucose or to the facilitation of metabolites in insulin dependent processes. More than 400 plant species having hypoglycemic activity have been available in literature. Most of plants contain glycosides, alkaloids, terpenoids, flavonoids, carotenoids, etc., that are frequently implicated as having anti-diabetic effect.
Trichodesma indicum is a perennial herb having effective medicinal properties belongs to the family Boraginaceae. T. indicum distributed in south Asia region and roots are used for diuretic, snake bite, diarrhea and dysentery. Previous studies also stated that chloroform root extract have shown anti-inflammatory activity in both acute and chronic models 10 . T. indicum whole plant have antitussive activity 11 , anti-diarrheal activity 12, 13 , insecticidal activity 14 , metal chelating activity 15 and corrosive inhibitor 16 . T. indicum aerial parts are effective against cancerous cell lines and showed highest cytotoxicity against human breast cell line MCF-7
17

.
The T. indicum plant selection is based on its proven scientific activities like immuno modulatory activity, anti-inflammatory, free radical scavenging activities. These properties may produce pancreatic cellular and tissue protection by their antioxidant activity and avoiding infection and inhibiting the inflammatory damage to pancreas and avoiding pancreatitis.
MATERIALS AND METHODS Plant material and extraction
T. indicum plant material was collected from seshachalam Hills, Tirupathi, Andhra Pradesh, India. Plant material was taxonomically identified and authenticated by the botanist. Leaves were shade dried and powdered with pulveriser.
Leaves were extracted with four solvents such as Hexane, Acetone, Methanol and Aqueous. The crude extracts were extracted with Soxhlet apparatus and condensed with rotary evaporator. The four crude extracts were condensed and lyophilized to obtain powder form for animal studies. HETI: Hexane Extract ACTI: Acetone Extract METI: Methanol Extract AQTI: Aqueous Extract
Chemicals and reagents
Potato starch-(1%w/v), Alpha amylase (1%w/v), Acetate Buffer (0.1M, 7.2pH), Iodine-Iodine indicator (635mg Iodine and 1gm potassium iodide in 250 ml distilled water), Acarbose, Yeast cells, Glucose Solution, Metronidazole, Streptozotocin (Sigma chemical co., U.S.A), glibenclamide (micro labs, India) and Glucose. Other chemicals and reagents used for the study were of analytical grade and procured from approved organizations.
In-vitro Alpha-Amylase Inhibitory Assay:
Alpha amylase is an enzyme that hydrolyses alpha-bonds of large alpha linked polysaccharide such as glycogen and starch to yield glucose and maltose. Alpha amylase inhibitory activity was based on the starch iodine method that was originally developed by shekib 18 . In alpha amylase inhibition method 1ml substratepotato starch (1% w/v), 1ml of extract solution (HETI, ACTI, METI & AQTI) of five different concentrations such as 100, 200, 300, 400 & 500 µg/ml, 1ml of alpha amylase enzyme (1% w/v) and 2ml of acetate buffer (0.1 M, 7.2 pH) was added. Potato starch solution, alpha amylase solution and drug solution was prepared in acetate buffer. The above mixture was incubated for 1 hr. Then 0.1 ml Iodine-iodide indicator was added in the mixture. Absorbance was taken at 565 nm in UV-Visible spectroscopy. The percentage inhibition was calculated by comparing slope of test substance with that of enzyme activity. All the tests were performed in triplicate.
(Abs control -Abs sample) % of Inhibition = -------------------------------------× 100
Abs control A dose response curve was plotted to determine the IC50 values. IC50 is defined as the concentration sufficient to obtain 50% of a maximum scavenging capacity.
Glucose uptake in Yeast Cells Assay
Yeast cells were prepared according to the method of Yeast cell method 19 briefly, commercial baker's yeast was washed by repeated centrifugation (3,000×g; 5 min) in distilled water until the supernatant fluids were clear and a 10% (v/v) suspension was prepared in distilled water. Various concentrations of extracts (1-5 mg) were added to 1 mL of glucose solution (50 mM) and incubated together for 10 min at 37°C. Reaction was started by adding 100 µl of yeast suspension, vortex and further incubated at 37 °C for 60 min. After 60 min, the tubes were centrifuged (2,500 × g, 5 min) and glucose was estimated in the supernatant. Metronidazole was taken as standard drug. The percentage increase in glucose uptake by yeast cells was calculated by comparing slope of test substance with that of enzyme activity. All the tests were performed in triplicate 20 .
(Abs control -Abs sample) % of Inhibition = -------------------------------------× 100
Abs control A dose response curve was plotted to determine the IC50 values. IC50 is defined as the concentration sufficient to obtain 50% of a maximum scavenging capacity 21 .
Experimental Animals
Male Sprague Dawley rats weighing between 150-200 g were obtained from Sainath Agency, Hyderabad, Andhra Pradesh, India. The animals were housed under standard environmental conditions (temperature of 25 ± 2 °C with an alternating 12h lightdark cycle and relative humidity of 50 ±15%), one week before the start and also during the experiment as per the rules and regulations of the Institutional Animal Ethics committee and of the Regulatory body of the government. They were fed with standard laboratory diet and water ad libitum during the experiment. The experimental protocol was approved by the institutional animal ethical committee (IAEC) No: ANUCPS/IAEC/AH/P/13/2015 dated 13/03/2015.
Acute toxicity studies
Oral toxicity test was performed according to OECD guide lines 423 single dosage of 2000 mg/kg body weight. The overnight fasting Rats were given oral dosage of 2000mg/kg body weight observed for 14 days for morbidity and mortality. The four extracts were analyzed for the toxicity study and behavioral changes.
In vivo Acute Anti-diabetic analysis Oral glucose tolerance test (OGTT)
Oral glucose tolerance test was performed in overnight fasted normal rats. They were divided into four groups, each group consisting six animals. Second and third group treated orally with four extracts of Trichodesma indicum leaves at a dose of 200 and 400 mg/kg. Group four is the positive control treated with Glibenclamide (0.5mg/kg). Glucose (2g/kg) was fed after 30min of administration of extracts 22 . Control animals were administered with equal volumes of water. Blood was withdrawn from the retro orbital plexus at 0, 30, 60, 90, 120 min of glucose administration and glucose levels were estimated.
Induction of type 2 diabetes
Type II diabetes was induced in overnight fasted adult albino rats weighing 150-200g by a single intra peritoneal injection of 60 mg/ kg of Streptozotocin (STZ) dissolved in a freshly prepared 0.1 M citrate buffer (pH 4.5), 15 min after 120 mg/kg of Nicotinamide (NA) dissolved in normal physiological saline 23 . Hyper glycemia was confirmed by elevated blood glucose levels at 72h and then on day 7 after injection and only animals with fasting blood glucose levels greater than 250 mg/dl were selected for antidiabetic study.
Experimental design
The animals were divided into five groups of three animals each as follows 
Statistical analysis
Values Expressed as Mean ±SEM (n=6) animals. The significance of various treatments and evaluation of data was calculated using One-way analysis of variance ANOVA method followed by Dennett's multiple comparison test and unpaired student's t test method in graph pad prism 5 analysis software and Microsoft Excel software; positive control group was calculated with reference to normal group; experimental groups were calculated with the positive control group & P<0.05 was accepted as significant.
RESULTS AND DISCUSSION
In-vitro Alpha Amylase Inhibitory Anti-diabetic Assay
In vitro analysis for anti-diabetic activity mainly depends on inhibition of amylase. Suppression of glucose production or glucose adsorption from intestine has been increased by natural product treatment 24 . α amylase convert starch in to simple sugars. Inhibition of amylase enzyme leads to lowering of adsorption of glucose from starch 25 .
The percentage of inhibitory response was calculated for four different extracts and their 50% inhibitory concentration was measured (Table 1 & Graph 1). The concentration of extract was directly proportional to polarity of solvents. The values of HETI 120.6, ACTI 164.08, METI 91.3 and AQTI extract 126.75 inhibitory concentrations. Methanol extract was having its own ability to inhibit amylase enzyme along with standard acarbose. Hexane and aquoues extract was closure to methanol inhibitory concentration, the order of activity follows as: ACTI < AQTI < HETI < METI
Glucose uptake by yeast cells
Anti-diabetic activity has two ways of expression regarding its enzyme and glucose uptake by the cell. Glucose uptake by yeast cells is another type of activity to evaluate anti diabetic assay. Yeast is a unicellular eukaryotic organism. It's easy to conduct experiment in a lab conditions. The uptake of glucose by yeast cell is a facilitated diffusion mechanism. It results lowering of glucose concentration called as hypoglycemic activity.
Four plant extracts were tested for activity (Table 2 & Graph 2) . Five concentrations of 100 to 500 µg / ml were evaluated for Inhibitory concentration. METI was having best activity among four extracts when compared with standard metronidazole. Methanol Extract has dose dependent nature and has the ability to exhibit hypoglycemic activity. T. indicum has the capacity to inhibit amylase enzyme as well as lowering of glucose concentration. Among all extracts METI has better activity.
The IC50 values were 262.06 µg / ml for hexane, 124.4 µg / ml for acetone, 234.33 µg / ml for aqueous and 46.72 µg / ml for the methanol extract. Metronidazole was the standard drug for reference. Trichodesma indicum has the ability to inhibit the enzyme responsible for diabetes as well as to inhibit the glucose uptake by the cells.
T. indicum has its own significance towards multiple activities to enhance its nature extended for the additional activities. On comparison of four extracts METI has shown extendable and effective activity against all areas of biological activities.
In vivo Acute Anti -diabetic Assay
Hyperglycemia fundamentally involves over production and decrease glucose utilization by the tissues 26 . Streptozotocin destroys β cells of the pancreas leads to pancreatic islet β cell cyto toxicity mediated through free radical release and oxidative stress has been created 27 . Nicotinamide restore some of the β cells and prevent the loss of β cells leads to partial diabetes. Diabetes induced in rats very close to type 2 model so that these rats were used for the study of type 2 diabetes mellitus in in vivo studies.
Four extracts prepared from leaves with two different concentrations were selected for acute anti diabetic activity based on acute toxicity study. Doses selected for the study based on their toxicity levels and literature available. Type 2 diabetes mellitus was induced by STZ-Nicotinamide induced rats selected for evaluation of anti-diabetic activity.
Preliminary oral glucose tolerances were calculated for sustainability of rats towards high glucose levels shown in table 3 to 6 & Graph 3. Glucose levels were measured for eight hours after administration of treatment doses. The results were obtained for each parameter (given in table 7 to 10 & Graph 4). Four extracts have shown significant effect on lowering of blood glucose levels, HETI, ACTI are less effective and METI and AQTI has significant anti-diabetic activity.
The results stated in table 7 to 10, hexane, acetone, methanol and aqueous extracts of Trichodesma indicum leaves, at single dose levels and double dose levels are tested for their antidiabetic activity on STZ-Nicotinamide induced model. The methanol extract has shown best diabetic control at a concentration of 400mg/kg body weight. The other three extracts also have significant anti diabetic activity. Hexane extract (HETI) and acetone extract (ACTI) has less activity due to soluble nature of phytochemical compounds. METI and AQTI activity is very much equivalent to the standard drug. The P value of each experiment was calculated and it was significant (P<0.05). Diabetic control P value was measured against normal control. The values varied in between groups and it was more significant (0.001 < P > 0.05).
The four extracts were selected for the study with two concentrations and each group is having six rats. All the values were expressed as mean ± standard error of mean (SEM). Statistical difference was evaluated by using one-way analysis of variance (ANOVA) followed by Dunnett's multiple comparison test. Data was considered statistically significant at P value ≤ 0.05. Statistical analysis was performed using Graph Pad prism and Microsoft Excel statistical software. (n=6) animals *P<0.05 **P<0.01 ***P<0.001 compared to control (one way ANOVA followed by dunnett's multiple comparison test) (P value for diabetic control Vs normal control, P value for remaining groups III, IV & V Vs diabetic control), ns= not significant 
CONCLUSION
T. indicum has the ability to inhibit amylase enzyme with IC50 value of 91.3 µg/ml. IC50 value of METI was 46.72µg/ml whereas remaining three extracts have low percentage of inhibition. METI has as efficiency to inhibit enzyme and also inhibit glucose uptake.
Acute Anti diabetic activity of four extracts was evaluated in STZ-Nicotinamide induced rat model. METI extract has significantly decreased (P<0.01) the glucose levels in drug induced rats along with standard drug.
The results of our study suggest that Trichodesma indicum plant extracts has rich anti-diabetic property in both in vitro and in vivo analysis. METI and AQTI showed significant activity in diseased rats in lowering of blood glucose levels.
